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Abstract
Purpose: The purpose of the study was to investigate the individual’s dynamics of perceived control and hedonic tone over time, with respect to the four performance states as conceptualized within the multi-action plan (MAP) model. We expected to find idiosyncratic and differentiated trends over time in the scores of perceived control and hedonic tone, typified by switches among two optimal and two suboptimal types of processing during performance. Method: Ten elite-level shooters participated in the study. They were asked to identify the most relevant, idiosyncratic core component of their shooting action, and perform 120 shots distanced 10 m from the target. Subjective accounts of perceived control and hedonic tone of the core component of action were assessed prior to and after each shot. We used a probabilistic approach to derive the four performance categories according to 2 × 2 interactions of perceived control and performance, and hedonic tone and performance. Results: Logistic ordinal regression analysis enabled the identification of four idiosyncratic performance types for each athlete with respect to perceived control and hedonic tone intensity scores. Within and between individual differences in intensity bandwidth and probability levels were apparent across the four performance types. Changes among four types of processing were also observed during performance. Conclusion: Consistent with the MAP model conceptualization, findings provided support for the different patterns of perceived control and hedonic tone intensity scores during performance. Results suggest applied arguments for using action- and emotion-centered strategies to help athletes in reaching and sustaining optimal performance states.
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Perceived Control and Hedonic Tone Dynamics during Performance in Elite Shooters
The multi-action plan (MAP) intervention model has been recently developed and applied to sports to help elite athletes consistently achieve high performance outcomes (Bortoli, Bertollo, Hanin, & Robazza, 2012). A main assumption in the MAP model is a 2 × 2 performance-control conceptualization in which performance levels are viewed as interacting with action control levels. Figure 1 (part A) depicts four performance situations stemming from the interaction between performance and control. Optimal-automatic performance (Type 1) is characterized by an individual’s highly positive performance experience, self-confidence, high levels of physical and mental energy, parallel processing (i.e., action “supervision”), smooth, autonomous, and consistent movement (Ericsson, 2003; Harmison, 2006). In addition to this highly desirable psychophysiological state, the MAP model assumes that high-level achievements in sport can be obtained through an optimal-controlled performance (Type 2). Specifically, Type 2 performance is likely to occur during the execution of demanding tasks or under competitive pressure, when reinvestment of attention in skills that are not fully automatized tends to happen as athletes try to cope with various difficulties (e.g., stress, discomfort, fatigue; see Masters & Maxwell, 2008). When reinvestment of attention is unavoidable, athletes can benefit from adopting an action‐focused coping approach (Hanin & Hanina, 2009; Poolton & Masters, 2009). In particular, they can use previously identified core components of action to focus attention and drive performance.
According to Bortoli et al. (2012), core components of action refer to fundamental movements or action-related behaviors (such as “aiming” in shooting sports) subjected to accuracy fluctuations, especially under distress. The core components are not necessarily the most important parts of an action as athletes and coaches commonly deem. Some important and highly automated technical components, such as stance and balance in pistol shooting, can be consistently executed without attentional control in virtually all situations. Paying much attention to them tends to disrupt movement fluidity and cause energy loss (Maxwell, Masters, & Eves, 2000; Oudejans, Kuijpers, Kooijman, & Bakker, 2011). When optimal conditions occur, performers can “supervise” the core components with a minimum of conscious control (i.e., parallel processing proper of Type 1 performance states), whereas distressful situations or challenging tasks may enhance conscious attention (Type 2 performance state). Athletes in this situation manage to cope with pressure and succeed in spite of the adverse conditions.
This view of two optimal performance types concurs with recent developments of dual-process theories in cognitive psychology, which contend that human behavior is controlled by two qualitatively different modes of processing, namely automatic and controlled processing (Evans & Stanovich, 2013; for a review, see Furley, Schweizer, & Bertrams, 2015). Type 1 autonomous processes are initiated and completed in the presence of relevant triggering conditions, whereas Type 2 controlled processes rely on working memory capacity to deal with novel problems, uncommon situations or unexpected events. In their recent review, Furley et al. (2015) espoused the dual-process theories, particularly the default-interventionist model, as an overarching framework for attention-related research in sports. They discussed research evidence suggesting that directing attention toward movement execution of well-learned skills is harmful to performance (e.g., Beilock & Gray, 2012). However, they also highlighted another streaming of research findings suggesting that, in certain situations, directing attention to specific aspects of skill execution is beneficial to performance (e.g., Jenkins, 2007).
Beyond the two types of functional processing (Type 1 and Type 2), which are also described in the dual-process theories, two types of dysfunctional processing are assumed in the MAP model (Type 3 and Type 4). Distress and adverse situations may determine a drop to a suboptimal-controlled performance state (Type 3), especially when athletes lack relevant experience and coping skills. This state is characterized by undermined fluidity and automaticity of action due to task-irrelevant or ineffective focus of attention (e.g., negative thoughts and emotional responses, external distractions), as well as excessive conscious control of movement execution (i.e., “trying too hard”; Maxwell et al., 2000; Oudejans et al., 2011). Finally, disengagement or complacency may engender a suboptimal-automatic performance state (Type 4) typified by low levels of energy and effort in task execution, as well as lack of attentional focus and movement coordination (for a more detailed description, see Bortoli et al., 2012). As illustrated in Figure 1 (part A), attentional control is ineffective in suboptimal performances, ranging from excessive or task-irrelevant attention (Type 3) to lack of focus (Type 4). In contrast, attentional focus ranges from an autonomous mode (Type 1) to a focused and task-relevant mode (Type 2) in optimal performance states.
In the MAP model, the hedonic tone–performance relationship is conceptualized according to the individual zones of optimal functioning (IZOF) model (Hanin, 2000, 2007). Hedonic tone or valence refers to a basic dimension of experiences ranging from pleasure to displeasure. Noteworthy, a two-dimensional relationship between hedonic tone and arousal has been proposed in general psychology to account for the notion of core affect (Russell, 2003). Core affect is a component of emotions involving pleasant or unpleasant feelings that do not require any prior cognitive processing. Emotions have additional components, including cognitive appraisals, physiological responses, and action tendencies. Hanin (2000) has suggested performance level (i.e., functionality) and hedonic tone as the basis to understand emotional content. The 2 × 2 relationship (i.e., performance × hedonic tone) is shown in Figure 1 (part B). This interaction identifies subjective pleasant and unpleasant feelings related to four global emotion content categories: (a) functional-pleasant, in Type 1 performance situation; (b) functional-unpleasant, in Type 2 performance; (c) dysfunctional-unpleasant, in Type 3 performance; and (d) dysfunctional-pleasant, in Type 4 performance. Pleasant and unpleasant emotions can be individually perceived as exerting beneficial, detrimental, or both effects on performance depending on their idiosyncratic meaning and intensity (Robazza, Pellizzari, Bertollo, & Hanin, 2008). For instance, an athlete may perceive a particular intensity of anxiety as functional for performance because specific symptoms (e.g., increased heart rate) are interpreted as helpful in energizing behavior toward task achievement. In contrast, another athlete may perceive the same anxiety level and symptoms as dysfunctional for the execution of a given task (for review and discussion, see Robazza, 2006). Hanin (2000) has explained the effects of emotion on performance using the constructs of “energy mobilization–demobilization” and “energy utilization–misuse”. In principle, functional-pleasant emotions (e.g., feeling energetic and motivated) help the performer generate and use the energy to sustain effort and coordination for task execution. Functional-unpleasant emotions (e.g., feeling tense and nervous) also serve to energize behavior toward task accomplishment. Dysfunctional-pleasant emotions (e.g., feeling calm and relaxed) would reflect a lack of energy or ineffective resource recruitment and utilization, while dysfunctional-unpleasant emotions (e.g., feeling uncertain and sluggish) would cause a waste of energy by diverting resources to task-irrelevant cues.
According to the MAP model tenets, a premise for high-level achievements pertains to athletes’ ability to reach optimal performance states (i.e., Type 1 and 2 performance states). To this end, athletes should be aware of their current state and able to self-regulate their levels of attention control and hedonic tone by using action-centered strategies (e.g., directing attention to the core components of the action), and/or emotion-centered strategies, such as breathing regulation and thought control. Action- and/or emotion-centered strategies should enable the athlete to: (a) revert from one type of performance to the other as needed (i.e., from Type 1 to Type 2 and vice versa), while maintaining a good achievement level; and (b) regain an optimal condition in cases of suboptimal performance. Empirical evidence from elite-level pistol and rifle shooters is congruent with these main assumptions of the MAP model (Bortoli et al., 2012). Athletes who underwent an action-oriented intervention program were able to cope effectively with the dysfunctional effects of distress. The benefits of Type 1 and Type 2 attentional strategies were also shown on endurance performance of college-aged students involved in a cycling task (Bertollo et al., 2015). Moreover, differences on psychophysiological (i.e., skin conductance level and respiratory rate) and postural patterns of a pistol shooter and a dart-thrower were found among the four types of processing (Bertollo et al., 2013). For example, electrodermal activity was higher during Type 2 and Type 3 performance states than during Type 1 and Type 4 performance conditions, thereby suggesting the involvement of different mechanisms of energy mobilization and regulation. Large individual differences in skin temperature, respiration rate, and heart rate responses as a function of the four types of processing identified within the MAP framework were also shown in skilled racecar drivers involved in a simulated race task (Filho et al., 2015).
Despite the recent empirical support of the MAP model tenets, additional research is warranted to advance knowledge regarding the four types of performance states. In particular, previous research did not examine the distinct patterns of control and hedonic tone dimensions as related to actual performance levels. Hence, the objective of the current study was to investigate the individual’s dynamics over time in the scores of perceived control and hedonic tone, with respect to the four performance states as conceptualized within the MAP model. We used a descriptive approach to examine the idiosyncratic nature of hedonic tone and perceived control relative to the athletes’ performance states. From an applied perspective, raising athletes’ awareness of their own attentional and hedonic tone states during task execution is a main step in promoting self-regulation skills toward reaching and sustaining Type 1 or Type 2 optimal states, or regaining optimal conditions from Type 3 or Type 4 suboptimal states.
For the study purpose, we used the probabilistic approach put forth by Kamata, Tenenbaum, and Hanin (2002) to derive the four performance categories stemming from 2 × 2 interactions of perceived control and performance, as well as hedonic tone and performance. Conceptually, the MAP model was derived from the IZOF model and reflects an idiosyncratic account of optimal and suboptimal performance experiences in sports (Bortoli et al., 2012). It was in the framework of the IZOF, and idiosyncratic approaches in general, that Kamata et al. (2002) proposed a probabilistic computational procedure to reliably estimate the lower and upper boundary levels of affect associated with optimal and non-optimal performance states. This methodology allows for the identification of idiosyncratic zones of affective intensity, as derived from either introspective or objective data (e.g., heart rate), which are linked to performance probability levels (e.g., optimal, average, and poor). Previous studies have shown that reliable idiosyncratic probability-based zones, grounded on past performance achievements, can be established in athletes from different sports (e.g., Edmonds, Tenenbaum, Mann, Johnson, & Kamata, 2008; van der Lei & Tenenbaum, 2012). Based on the MAP model conceptualization, the lower panel of Figure 1 shows two performance probability diagrams, one related to control level (Figure 1, part C) and the other to hedonic tone intensity (Figure 1, part D). The inverted-U shaped curves indicate the probability of optimal performance (OP). These curves intersect with two other curves representing poor performance below optimal intensity (non-optimal performance below; nOP/B) and poor performance above optimal intensity (non-optimal performance above; nOP/A). The intersections enable the identification of four probabilistic intensity zones: two optimal (Type 1 and Type 2) and two suboptimal (Type 3 and Type 4).
We involved in our study a purposeful sample of elite-level shooters. This is congruent with the notion that highly skilled athletes are more aware of their meta-emotional and meta-cognitive experiences linked to optimal performance (Ericsson, 2007). Expert athletes are also more knowledgeable about the core components (i.e., chain of events and mediating factors) of skilled performance (Hanin & Hanina, 2009). We expected to find idiosyncratic and differentiated trends over time in the scores of perceived control and hedonic tone, typified by changes during performance among the four different states. As discussed throughout, reaching optimal states and switching between the two types of optimal processing (Type 1 and Type 2) are important factors for effective performance, and therefore warrant further investigation (Bortoli et al., 2012; Furley et al., 2015).
Method
Participants
Ten elite-level, highly experienced athletes from the Italian national shooting team participated in the study (four female and one male rifle shooters, and five male pistol shooters, Mage = 22.8 years, age range: 18−29 years). Their mean shooting experience was 8.7 years (SD = 3.4) and on average they had 6.2 years of experience competing at an elite level (SD = 2.3). They trained an average of 15 hr a week (SD = 3.2). The shooters participated in major international competitions at the junior or senior level, including the European or World Championships, the World Cup Championships, or the Olympic Games.
Measures
Shooting Performance. Assessment involved 60 shots to a 10 m target (i.e., the official distance of both pistol and rifle competitions). Targets and the electronic scoring system complied with the scoring ring dimensions, tolerances, and specifications emanated by the international shooting sport federation (www.issf-sports.org/theissf/rules/english_rulebook.ashx (​http:​/​​/​www.issf-sports.org​/​theissf​/​rules​/​english_rulebook.ashx​)). Shooting scores recorded in decimal numbers could range from 0 to 10.9. In elite level shooters, scores can realistically vary from 8 to 8.9 (very poor performance, infrequent in high level athletes), from 9 to 9.9 (poor performance), and from 10 to 10.9 (good performance). In pistol shooting, the width of the 9 ring of the target is 27.5 mm, with the 10 ring of 11.5 mm. In rifle shooting, the width of the 9 ring is 5.5 mm and of the 10 ring is 0.5 mm. Given the very small area, the shooting score is not visually accessible on the target from the shooting position. Thus, shooting scores and summary results are available to the shooter on a monitor screen.
Borg Scale. The individual’s perceived accuracy and perceived control levels of execution of the core components of action were assessed on a modified 11-point Borg scale (Borg, 2001). The verbal anchors of the scale, developed to avoid floor and ceiling effects, were 0 = nothing at all, 0.5 = very, very little, 1 = very little, 2 = little, 3 = moderately, 5 = much, 7 = very much, 10 = very, very much, 11 = maximal possible. No verbal anchors were used for 4, 6, 8 and 9. Hedonic tone level was also assessed using the Borg scale ratings by assigning positive scores to pleasant states (ranging from 0.5 = very, very little to 11 = maximal possible), negative scores to unpleasant states (ranging from -0.5 = very, very little to -11 = maximal possible), and a 0 score to neither a pleasant nor unpleasant state. The specific probes for the assessment of perceived accuracy, control, and hedonic tone associated with each shooting action were: “Please rate on this 0-11 scale, with 11 being the maximal possible, how much attention you have directed toward the control of the core component of your action”, “… how accurately you have executed the core component of your action” and, prior to shooting, “… how much pleasure or displeasure you are experiencing”. Although it can be argued that single-item self-reports may be less accurate than scales containing more items, single-item scales enable quick and low invasive assessments of athletes’ introspective states during actual performance. Borg scales have been widely used as valid and reliable measures in the assessment of perceived exertion, pain, and intensity of training, as well as emotional reactions (Hanin & Syrjä, 1996) and execution accuracy of core components of shooting (Bortoli et al., 2012).
Procedure
After learning the main purpose of the investigation, the shooters agreed to participate in the study and signed a written informed consent. Participation was voluntary and all participants were assured of the confidentiality and anonymity of individual results. The Local University Ethical Committee approved the research protocol. The entire procedure was conducted in two phases over two consecutive days at a shooting range facility in Southern Italy. The data collection procedure was split into two days to limit the session time and athletes’ fatigue. Specifically, the number of self-reports collected during the shooting sessions was limited to one (i.e., perceived accuracy on day 1) or two (i.e., hedonic tone and perceived control on day 2). Furthermore, the purpose of the first phase was to identify the core component of the action for each shooter. As previously mentioned, a core component is conceived as an individual’s fundamental action that is not always executed in a completely automated mode, and therefore subjected to accuracy fluctuations (Bortoli et al., 2012). According to this notion, a high correlation between the execution accuracy of a core component and the related performance level is evidence of predictive validity, as it suggests that the shooter has correctly identified a core component of action. Low correlation values would suggest a lack of relationship between the action and the respective outcome and, thus, an incorrect identification of a core component. The purpose of the second phase was to establish a range of hedonic tone and perceived control data to enable the identification of the four performance types characterizing the MAP model, and then to observe the individual’s dynamics of hedonic tone and perceived control over time on the four performance states.
First Phase. In line with the MAP model (Bortoli et al., 2012), during the initial assessment (day 1) the athletes were individually met and asked to identify the core components of their shooting action. Specifically, they were asked to provide a step-by-step description of their optimal shooting movement sequence (i.e., the chain of actions) from start to end (i.e., follow-through). For example, a pistol shooter reported directing her attention to body balance and alignment, handgrip, breathing, arm rising, gun and sight alignment, trigger pull, and follow-through. The movement sequence is idiosyncratic and therefore can differ largely among performers (Hanin & Hanina, 2009). Subsequently, the shooters were asked to select those elements (i.e., the core components) of their chain of actions considered fundamental to optimal performance and, at the same time, not always executed in a completely automated mode. The specific probe was, “Imagine yourself performing in a mental or physical challenging condition or non-optimal state, for example when you are under distress or fatigue, or after a mistake or a poor execution. What are the actions or behaviors that you consider fundamental to attain or maintain good performance, and that you need to control intentionally in order to execute in a consistent and accurate manner?” We explained that the core components refer to fundamental actions or shooting elements subjected to accuracy fluctuations, especially when distressful situations occur (Bortoli et al., 2012). Finally, during the same interview session, the participants were asked to choose among the core components the one they deemed most influential to optimal performance.
After having identified their core component of action, the shooters were allowed to undertake their usual warm-up routine of about 15 min, which comprised stretching exercises, dry firing, and a small number of actual shots. The shooters then performed 60 shots, at their own pace and with their usual weapon, to a 10 m target in approximately two hours. After each shot, and before seeing the shooting outcome, the individual’s perceived accuracy of the execution of the core component was assessed on the 11-point Borg scale.
Second Phase. On the second day, the shooters performed 120 shots in approximately three hours, after their usual warm-up. The time interval between shots ranged approximately from 45 sec to 1 min. Prior to each shot, shooters were asked to evaluate their hedonic tone level using the Borg scale (from -11 to 11 on the rating scale). After each shot and before seeing the result, shooters were requested to report their level of perceived control exerted on the core component of action (from 0 to 11 on the rating scale). After reporting the data, the shooters were allowed to switch on the monitor screen and see their actual shooting score. This procedure is ecologically valid and in agreement with the behavior of coaches who usually encourage shooters to engage in self-assessment and reflective analysis about the shooting action as a whole, or about specific technicalities and feelings related to optimally and poorly executed single shots.
Data Analysis
Johnson, Edmonds, Kamata, and Tenenbaum (2009) provided a step-by-step tutorial to derive individual affect-related performance levels using logistic ordinal regression (Kamata et al., 2002). In line with their recommendations, performance data (i.e., shooting scores) were sorted, dichotomized, and coded into optimal and suboptimal categories using a median split. Performance scores above the median were coded as optimal (i.e., recoded as a 1), whereas values below the median were coded as suboptimal performance (i.e., recoded as a 0). Thus, optimal and suboptimal coding referred to the categorization of objective performance data points, and each data point continued to be associated with its respective perceived control and hedonic tone raw score. Then, the dichotomized performance data were recoded in a manner that identified each suboptimal performance as occurring with either a perceived control (or hedonic tone) level greater or lesser than the perceived control (or hedonic tone) level that occurred during optimal performance. As shown in Figure 1 (lower panel), perceived control and hedonic tone raw data were coded as either optimal (OP), suboptimal above the optimal intensity zone (nOP/A), or suboptimal below the optimal intensity zone (nOP/B) with respect to performance categorization (i.e., optimal and suboptimal). For each participant, logistic ordinal regression was performed entering the raw data and the coded data in the analysis (see Johnson et al., 2009). The resulting regression coefficients were converted into probabilistic curves using a Microsoft Excel spreadsheet macro available from Kamata et al. (2002) and Johnson et al. (2009).
Pearson product-moment correlation coefficients between scores of perceived control of the core component and scores of hedonic tone were also calculated for each participant. Low correlation coefficient values and large differences across participants would respectively suggest that different and idiosyncratic trends occurred over time for perceived control and hedonic tone.
Results
Core Components of Action
The core components the athletes deemed most influential for performance were arm lowering on target (n = 4), front sight focus (n = 3), aiming and triggering (n = 1), arm lifting on target (n = 1), and triggering (n = 1). Correlation coefficients between individual’s perceived accuracy ratings and shooting outcomes of the first phase ranged from .51 to .86 (mean r = .70, after Fisher Z transformation). These results are evidence of predictive validity, thus suggesting that the idiosyncratic core components were reliably identified by the shooters.
Probabilistic Curves
Table 1 contains descriptive statistics for the shooters’ perceived control, hedonic tone, and shooting scores of the second phase, arranged by performance type. Of note, in the whole sample optimal shooting scores ranged from 10 (typically deemed a good score) to 10.9 (the maximal possible score). Intensity range and probability range of perceived control and hedonic tone were derived from logistic ordinal regression, as previously described (Kamata et al., 2002; Johnson et al., 2009). Figure 2 portrays the probability curves for each shooter. As an example, for Shooter A the hedonic tone range of intensity (and probability level) was 0.27−2.91 (50−73%) for Type 1 performance, -2.55−0.27 (48−73%) for Type 2 performance, -4.00−-2.55 (28−48%) for Type 3 performance, and 2.91−5.00 (21−50%) for Type 4 performance. The data pattern was substantially different for Shooter F, with hedonic tone intensity ranges of 6.73−7.48 (47−63%) for Type 1 performance, 5.91−6.73 (48−63%) for Type 2 performance, 5.00−5.91 (17−48%) for Type 3 performance, and 7.48−8.00 (29−47%) for Type 4 performance.
Performance State Variability
To examine the temporal trend of perceived control and hedonic tone data during the study, the shooters’ zones of functioning (i.e., the four types of performance categories) were transposed into a Y-axis of a chart, while the X-axis represented each trial within the session. The data for each participant are presented in Figure 3. For example, Shooter A showed large fluctuations in hedonic tone throughout the session, with most of the shots within either Type 2 performance (i.e., functional-unpleasant, 35 shots) or Type 4 performance (i.e., dysfunctional-pleasant, 42 shots). To a lesser extent, fluctuations also emerged in perceived control, with most of the shots within Type 1 performance (i.e., functional-automatic, 64 shots) and an initial tendency to switch to Type 3 performance (i.e., dysfunctional-over-controlled, 17 shots). Around the 40th shot of the series, this shooter showed a tendency to switch to Type 4 performance (i.e., dysfunctional-low-controlled, 29 shots).
Correlation coefficients between scores of perceived control and hedonic tone were also highly idiosyncratic, ranging from -.39 to .50. According to Zhu’s (2012) guidelines for interpreting correlation coefficients, five correlation values were not significant (with r values ranging from -.18 to .15), three correlations were low in magnitude (with r values ranging from -.39 to .23), and one correlation was moderate (r = .50). The low correlation values and the substantial differences in these values across participants indicate that different and idiosyncratic trends occurred over time for perceived control and hedonic tone.
Discussion
We examined the individual’s fluctuations of perceived control and hedonic tone dimensions during shooting performance based on the MAP model tenets. The whole protocol was conducted in an applied setting (i.e., the shooting range) to strengthen its ecological validity. As expected, within and between individual differences in intensity bandwidth (i.e., width of the zones), and probability levels were evident across the four performance categories. The shooters, in fact, presented idiosyncratic probabilistic zones of optimal functioning (Type 1 and 2) and suboptimal functioning (Type 3 and 4) varying in both perceived control and hedonic tone levels. As shown in Table 1 and Figure 2, the range values of intensity and probability scores across the four types of performance indicate large individual differences. These results are consistent with those of previous IZOF-based studies and Hanin’s (2000, 2007) contention that each athlete holds idiosyncratic intensity and zones of affective states related to optimal and poor performances. Findings are also in line with the “in/out of the optimal zone notion” (see Hanin, 2000), as the probabilistic curves indicated that when shooters moved away from their optimal levels of perceived control or hedonic tone they decreased their probability of optimal performance.
More importantly, our findings indicate that perceived control and hedonic tone are idiosyncratic states that fluctuate over time among four types of processing (i.e., two optimal and two suboptimal) during performance. Previous implementation of the probabilistic methodology in sports proved useful in assessing the idiosyncratic nature of the zones of affective states (e.g., van der Lei & Tenenbaum, 2012). However, the 2 × 2 performance-perceived control and performance-hedonic tone relationships were not considered in earlier investigations. From both theoretical and applied perspectives, it is instructive to examine the individual’s temporal patterns of perceived control and hedonic tone data during performance (Figure 3). For instance, perceived control and hedonic tone of Shooter A fluctuated widely during the shooting series. Although a number of shots (i.e., 26.67%) were executed automatically and in a functional-pleasant or unpleasant state (Type 1 and Type 2), several shots were completed in low-controlled and dysfunctional-pleasant conditions (Type 4, 11.67%) or dysfunctional-over-controlled states (Type 3, 14.17%). Collectively, the data from all shooters showed different patterns in perceived control and hedonic tone scores and substantial deviations below and above their optimal zones. Drawing on these data, it seems reasonable to suggest that to reach and maintain optimal performance, athletes need to raise awareness of their psychophysiological states and how fluctuations of these states tend to occur during task execution (Harmison, 2006; Williams, 2010). Once athletes recognize to be in a dysfunctional, pleasant or unpleasant state, they should mindfully accept the situation. They should then focus their attention on the present moment, particularly on the core components of the task at hand (Bortoli et al., 2012). By doing so, athletes should be able to regulate themselves, thus re-entering their optimal zones of functioning (Woodcock, Cumming, Duda, & Sharp, 2012).
According to the results of our study, we may further speculate that emotion-centered strategies may be adopted when deviations from optimal pleasant or unpleasant states occur. Of note, in the IZOF model emphasis is placed on the benefits of both functional-pleasant and functional-unpleasant emotions on performance. Based on the resource-matching hypothesis, Hanin and Stambulova (2002) argued that emotions would reflect either availability or lack of psychobiosocial resources, as well as their effective or ineffective recruitment and utilization. Functional-pleasant emotions (e.g., feeling energetic and motivated) would help the athlete generate and use the energy to endure effort and coordination for task initiation, maintenance, and completion. Functional-unpleasant emotions (e.g., feeling tense and nervous) would primarily serve the purpose of energy generation under conditions of pressure and fatigue. Aligned with these concepts, emotion-focused self-regulation treatments have been successfully applied to sports (e.g., Robazza, Pellizzari, & Hanin, 2004).
In summary, we observed idiosyncratic probabilistic curves and different time patterns of perceived control and hedonic tone across participants. The general low or moderate correlation values between scores of perceived control and hedonic tone suggest that the two dimensions can be substantially independent. These findings provide arguments for using action-centered and/or emotion-centered strategies when needed. Distress, fatigue, or performance issues can elicit dysfunctional control and non-optimal emotions. As such, task-irrelevant focus (e.g., negative thoughts and emotional responses, and external distractions) and a serial, conscious processing tend to replace meta-cognitive task-relevant attention and functional goal-directed behavior (Wegner, 1994). Excessive attention to movement execution (i.e., a reinvestment in controlled processing), in an attempt to deal with difficulties, usually impairs fluidity and action automaticity (Maxwell et al., 2000; Oudejans et al., 2011). Attentional problems also emerge when athletes are not involved in the task, and thus do not invest sufficient energy on task execution. Although automatic in principle, the resulting movement is not coordinated enough to allow for an effective movement execution. Directing attention to the core components of the action (thus adopting an action-centered strategy) has been recommended as a practical strategy to help athletes cope with attentional issues (i.e., excessive or insufficient attention), thus enhancing one’s probability to reach and sustain optimal performance states (Bortoli et al., 2012; Hanin & Hanina, 2009).
Limitations and Future Directions
Findings of the current study suggest advantages of using action- and emotion-centered strategies separately or in combination. Yet, the distinct and interactive effects (Ruiz & Hanin, 2014) derived from the application of the two strategies have not yet been established, although they can be hypothesized based on findings of this and previous studies (Bertollo et al., 2015; Bortoli et al., 2012; Filho et al., 2015). Therefore, future research should address this limitation by testing the MAP-based indications in both practice and competitive settings over time, according to the context and time dimensions described in the IZOF model (Hanin, 2000).
Another limitation pertains to the number of variables assessed in this study. Beyond perceived control and hedonic tone, other relevant variables can influence performance in sports (e.g., van der Lei & Tenenbaum, 2012). Additional subjective dimensions could be identified from the multidimensional notion of psychobiosocial states, wherein emotion is conceived as a main component of an individual’s experience (Hanin, 2007). Examples of components, which might be eligible for inclusion in a 2 × 2 or a broader conceptualization, are motivation, volition, and task engagement. Individual’s intensity scores of these dimensions may relate to performance according to an inverted-U shaped curve or may elicit highly idiosyncratic probabilistic curves as presented herein. Examining the effects of how arousal levels influence mental representations is another interesting research avenue, as affective states and cognitions are interdependent in nature (Masters & Maxwell, 2008). Addressing the influence of distress and fatigue on athletes’ ability to concentrate on their core components of action may be instrumental in the development of multi-plan intervention strategies for performance regulation.
Empirical evidence has also been provided for the inclusion of objective measures of bodily activation (e.g., heart rate and skin conductance) in probabilistic studies (e.g., Edmonds et al., 2008; van der Lei & Tenenbaum, 2012) and in two recent MAP studies (Bertollo et al., 2013; Filho et al., 2015). For instance, Edmonds et al. trained individuals to self-regulate their heart rate and skin conductance levels via biofeedback, based on pre-established optimal zones identified for these two psychophysiological variables. As expected, participants improved their performance in subsequent simulated car racing. Accordingly, it would be interesting to examine the effects of a biofeedback or neurofeedback self-regulation training on performance based on the MAP model underpinnings. Participants could be instructed on how to modify their attentional focus and/or hedonic tone to enter and sustain Type 1 and Type 2 performance states, and learn how to switch from suboptimal to optimal performance conditions.
What Does This Article Add?
This study provided substantial evidence for the existence of highly idiosyncratic zones of functioning with respect to good (Type 1 and Type 2) and poor (Type 3 and Type 4) levels of actual performance. Results also showed large individual fluctuations of current performance states typified by frequent and distinct changes in attentional focus and hedonic tone intensity scores during task execution. Taken together, findings are in line with the MAP model assumptions and recent developments of dual-process theories in cognitive psychology (Evans & Stanovich, 2013; see Furley et al., 2015), which underscore the importance of considering two qualitatively different modes of processing (i.e., automatic and controlled). Two types of effective processing of motor skills can enable athletes to account for the flexible and dynamic nature of attentional processing, expert requirements, and challenges commonly found in training and competition. For athletes, gaining awareness of their own attentional and hedonic tone states, and being able to switch effectively among the four types of processing during execution are critical factors for high-level achievements. For practitioners, the MAP framework can help outline which intervention plan (i.e., action- or emotion-centered) is likely to yield more beneficial effects for a given athlete. In principle, action- and emotion-centered self-regulation strategies can be used separately or in combination, depending on whether an athlete feels the need to enhance his/her attentional focus, regulate emotions, or both.


References
Beilock, S. L., & Gray, R. (2012). From attentional control to attentional spillover: A skill-level investigation of attention, movement, and performance outcomes. Human Movement Science, 31, 1473-1499. doi: 10.1016/j.humov.2012.02.014
Bertollo, M., Bortoli, L., Gramaccioni, G., Hanin, Y., Comani, S., & Robazza, C. (2013). Behavioural and psychophysiological correlates of athletic performance: A test of the multi-action plan model. Applied Psychophysiology and Biofeedback, 38, 91-99. doi: 10.1007/s10484-013-9211-z
Bertollo, M., di Fronso, S., Filho, E., Lamberti, V., Ripari, P., Reis, M. V., …Robazza, C. (2015). To focus or not to focus: Is attention on the core components of action beneficial for cycling performance? The Sport Psychologist, 29, 110-119. doi: 10.1123/tsp.2014-0046
Borg, G. (2001). Borg’s range model and scales. International Journal of Sport Psychology, 32, 110-126.
Bortoli, L., Bertollo, M., Hanin, Y., & Robazza, C. (2012). Striving for excellence: A multi-action plan intervention model for shooters. Psychology of Sport and Exercise, 13, 693-701. doi: 10.1016/j.psychsport.2012.04.006
Edmonds, W. A., Tenenbaum, G., Mann, D. T. Y., Johnson, M, & Kamata, A. (2008). The effect of biofeedback training on affective regulation and simulated car-racing performance: A multiple case study analysis. Journal of Sports Sciences, 26, 761-773. doi: 10.1080/02640410701813068
Ericsson, K. A. (2003). Development of elite performance and deliberate practice: An update from the perspective of the expert performance approach. In J. L. Starkes, & K. A. Ericsson (Eds.), Expert performance in sports: Advances in research on sport expertise (pp. 49-83). Champaign, IL: Human Kinetics.
Ericsson, K. A. (2007). Deliberate practice and the modifiability of body and mind: Toward a science of the structure and acquisition of expert and elite performance. International Journal of Sport Psychology, 38, 4-34.
Evans, J. St. B. T., & Stanovich, K. E. (2013). Dual-process theories of higher cognition: Advancing the debate. Perspectives on Psychological Science, 8, 223-241. doi: 10.1177/1745691612460685
Filho, E., di Fronso, S., Mazzoni, C., Robazza, C., Bortoli, L., & Bertollo, M. (2015). My heart is racing! Psychophysiological dynamics of skilled racecar drivers. Journal of Sports Sciences, 33, 945-959. doi: 10.1080/02640414.2014.977940
Furley, P., Schweizer, G., & Bertrams, A. (2015). The two modes of an athlete: Dual-process theories in the field of sport. International Review of Sport and Exercise Psychology, 8, 106-124. doi: 10.1080/1750984X.2015.1022203
Hanin, Y. L. (Ed.). (2000). Emotions in sport. Champaign, IL: Human Kinetics.
Hanin, Y. L. (2007). Emotions in sport: Current issues and perspectives. In G. Tenenbaum & R. Eklund (Eds.), Handbook of sport psychology (3rd ed., pp. 31-58). Hoboken, NJ: Wiley.
Hanin, Y., & Hanina, M. (2009). Optimization of performance in top-level athletes: An action-focused coping approach. International Journal of Sports Science and Coaching, 4, 47-58.
Hanin, Y. L., & Stambulova, N. B. (2002). Metaphoric description of performance states: An application of the IZOF model. The Sport Psychologist, 16, 396-415.
Hanin, Y., & Syrjä, P. (1996). Predicted, actual, and recalled affect in Olympic-level soccer players: Idiographic assessments on individualized scales. Journal of Sport and Exercise Psychology, 18, 325-335.
Harmison, R. J. (2006). Peak performance in sport: Identifying ideal performance states and developing athletes’ psychological skills. Professional Psychology: Research and Practice, 37, 233-243. doi: 10.1037/0735-7028.37.3.233
Jenkins, S. (2007). The use of swing keys by elite tournament professional golfers. International Journal of Sports Science and Coaching, 2(S1), 199-229. doi: 10.1260/1747954077897054600
Johnson, M. B., Edmonds, W. A., Kamata, A., & Tenenbaum, G. (2009). Determining individual affect-related performance zones (IAPZs): A tutorial. Journal of Clinical Sport Psychology, 3, 34-57.
Kamata, A., Tenenbaum, G., & Hanin, Y. L. (2002). Individual zone of optimal functioning (IZOF): A probabilistic estimation. Journal of Sport and Exercise Psychology, 24, 189-208.
Masters, R., & Maxwell, J. (2008). The theory of reinvestment. International Review of Sport and Exercise Psychology, 1, 160-183. doi: 10.1080/17509840802287218
Maxwell, J. P., Masters, R. S. W., & Eves, F. F. (2000). From novice to no know-how: A longitudinal study of implicit motor learning. Journal of Sports Sciences, 18, 111-120.
Oudejans, R. R. D., Kuijpers, W., Kooijman, C. C., & Bakker, F. C. (2011). Thoughts and attention of athletes under pressure: Skill-focus or performance worries? Anxiety, Stress, and Coping, 24, 59-73. doi:10.1080/10615806.2010.481331
Poolton, J., & Masters, R. (2009). Optimization of performance in top-level athletes: An action-focused coping approach. A commentary. International Journal of Sports Science and Coaching, 4, 63-65.
Robazza, C. (2006). Emotion in sport: An IZOF perspective. In S. Hanton & S. D. Mellalieu (Eds.), Literature reviews in sport psychology (pp. 127-158). New York, NY: Nova Science.
Robazza, C., Pellizzari, M., & Hanin, Y. (2004). Emotion self-regulation and athletic performance: An application of the IZOF model. Psychology of Sport and Exercise, 5, 379-404. doi: 10.1016/S1469-0292(03)00034-7
Robazza, C., Pellizzari, M., Bertollo, M., & Hanin, Y. L. (2008). Functional impact of emotions on athletic performance: Comparing the IZOF model and the directional perception approach. Journal of Sports Sciences, 26, 1033-1047. doi: 10.1080/02640410802027352
Ruiz, M. C., & Hanin, Y. L. (2014). Interactive effects of emotions on performance: An exploratory study in elite skeet shooters. Revista de Psicologia del Deporte, 23, 275-284.
Russell, J. A. (2003). Core affect and the psychological construction of emotion. Psychological Review, 110, 145-172. doi: 10.1037/0033-295X.110.1.145
van der Lei, H., & Tenenbaum, G. (2012). Performance processes within affect-related performance zones: A multi-modal investigation of golf performance. Applied Psychophysiology and Biofeedback, 37, 229-240. doi: 10.1007/s10484-012-9195-0
Wegner, D. M. (1994). Ironic processes of mental control. Psychological Review, 101, 34-52. doi: 10.1037/0033-295X.101.1.34
Williams, J. M. (Ed.). (2010). Applied sport psychology: Personal growth to peak performance (6th ed.). New York, NY: McGraw-Hill Companies.
Woodcock, C., Cumming, J., Duda, J. L., & Sharp, L.-A. (2012). Working within an individual zone of optimal functioning (IZOF) framework: Consultant practice and athlete reflections on refining emotion regulation skills. Psychology of Sport and Exercise, 13, 291-302. doi: 10.1016/j.psychsport.2011.11.011
Zhu, W. (2012). Sadly, the earth is still round (p < 0.05). Journal of Sport and Health Science, 1, 9-11. doi:10.1016/j.jshs.2012.02.002



